Rapid turnover of antimicrobial-type cysteine-rich protein genes in closely related Oryza genomes.
Defensive and reproductive protein genes undergo rapid evolution. Small, cysteine-rich secreted peptides (CRPs) act as antimicrobial agents and function in plant intercellular signaling and are over-represented among reproductively expressed proteins. Because of their roles in defense, reproduction and development and their presence in multigene families, CRP variation can have major consequences for plant phenotypic and functional diversification. We surveyed the CRP genes of six closely related Oryza genomes comprising Oryza sativa ssp. japonica and ssp. indica, Oryza glaberrima and three accessions of Oryza rufipogon to observe patterns of evolution in these gene families and the effects of variation on their gene expression. These Oryza genomes, like other plant genomes, have accumulated large reservoirs of CRP sequences, comprising 26 groups totaling between 676 and 843 genes, in contrast to antimicrobial CRPs in animal genomes. Despite the close evolutionary relationships between the genomes, we observed rapid changes in number and structure among CRP gene families. Many CRP sequences are in gene clusters generated by local duplications, have undergone rapid turnover and are more likely to be silent or specifically expressed. By contrast, conserved CRP genes are more likely to be highly and broadly expressed. Variable CRP genes created by repeated duplication, gene modification and inactivation can gain new functions and expression patterns in newly evolved gene copies. For the CRP proteins, the process of gain/loss by deletion or duplication at gene clusters seems to be an important mechanism in evolution of the gene families, which also contributes to their expression evolution.